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INTRODUCTION 
Acne is a very extreme form of inflammation that occurs 
in the skin due to a blockage in the pores because of the 
accumulation of oil. This inflammation is triggered by 
Propionibacterium acnes, Staphylococcus aureus, and 
Staphylococcus epidermidis bacteria (Achermann et al., 2014; 
Otto, 2009). Acne can be treated using ingredients from 
nature, the use of natural ingredients as active substances 
is believed to provide smaller side effects, so it is safe if 
used long term (Yang et al., 2017). Natural materials that 
can be used are in the treatment of acne, one of which is 
soursop or Annona muricata L. leaves. Ethanol extract of 
A. muricata leaves can inhibit the growth of P. acnes, S. 
aureus, and S. epidermidis bacteria with a concentration of 
10% (Mulyanti et al., 2015). Soursop leaf ethanol extract is 
most effectively used as an anti-acne because it can inhibit 
the growth of bacteria with a low concentration (Pai et al., 
2016). 
The gel is a two-component, semi-solid system that 
contains much water. Gel preparations in the treatment 
of acne are excellent than other topical preparations 
because they contain more water (Chang et al., 2013). 
According to the research of Fujiastuti & Sugihartini 
(2015), gels formulated using carbopol gelling agents 
have good physical properties and minimal irritation 
effect. In gel preparations, humectants are often added to 
 
Formula Optimization of Annona muricata Folium Ethanolic Extract of 
Anti Acne Gel Formulation using Factorial Design Method 
 
 
Aristha Novyra Putri*  
Noor Laila 
Dyera Forestryana 
 
Department of Pharmacy, Sekolah 
Tinggi Ilmu Kesehatan Borneo Lestari, 
Banjarbaru, South Kalimantan, 
Indonesia 
 
 
*email: aristhanovyra@gmail.com 
 
Keywords: 
Acne 
Annona muricata 
Gel 
Optimization 
 Abstract 
Acne is a pile of oil glands in the skin that are actively being clogged 
by dirt and infection because of Propionibacterium acnes, Staphylococcus 
aureus, and Staphylococcus epidermidis. The treatment for acne can use 
herbal ingredients, one of which is Soursop (Annona muricata L.) leaves 
ethanolic extract. Annona muricata folium ethanolic extract is known to 
have alkaloid, flavonoid and polyphenol compounds which can 
inhibit the growth of P. acnes, S. epidermidis, and S. aureus. Suitable 
dosage forms for anti-acne preparations are gels because the gel 
contains much water so that it provides a cooling effect on the skin due 
to inflammation. The purpose of this study was to determine the 
impact of carbopol 940 and propylene glycol on the physical 
characteristics of the gel preparation and determine the optimum 
formula of the gel preparation using factorial design software 22 so 
that the gel preparation was made in four formulas. The data obtained 
were then analyzed using Design-Expert® and ANOVA software with 
a confidence level of 95%, and the determination of the optimum 
formula based on the optimum superimposed contour plot area. The 
results of the study using a factorial design approach are known that 
propylene glycol has an effect on increasing the spreadability and pH 
while carbopol 940 has a more significant impact on the increase in 
adhesion and viscosity, and the optimum area of the composition of 
carbopol 940 1.536% and propylene glycol 5% was obtained. 
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improve consistency and increase the solubility of the 
ingredients. Humectant used is propylene glycol 
(Purnamawati et al., 2017). 
The above description is the background of the 
researchers to optimize the determination of the 
optimum formula for the preparation of anti-acne gel 
ethanol extract 95% soursop leaves using software 
Design-Expert® factorial 22 (2 factors two levels). This 
study aimed to determine the impact of carbopol 940 and 
propylene glycol on the physical characteristics of the gel 
preparation and determine the optimum formula of the 
gel preparation. The optimized factor is carbopol 940 
(gelling agent) with propylene glycol (humectant). 
Optimization of the two factors was carried out to 
determine the effect of variations in the concentration of 
each factor on the response of adhesion, dispersion, pH, 
and viscosity. 
 
MATERIALS AND METHODS 
Tools and materials 
Materials used in this study include Mg, HCl, FeCl3, 
Dragendroff reagent, Mayer, extract, carbopol 940, 
aquadest, 95% ethanol, PG, TEA, and methylparaben. 
While the tools used in this study include a funnel, scales, 
hot plate, mortar stamper, pH meter, test tube, rotary 
evaporator, and viscometer Stromer. 
Soursop leaves ethanol extract gel preparation 
Soursop leaf determination was carried out at the Faculty 
of Mathematics and Natural Sciences Basic Laboratory, 
Universitas Lambung Mangkurat. A total of 500 g of 
powder was put into a glass container, and 95% ethanol 
(1:10) was added. Stirring is then allowed to stand for 24 
hours. After 24 hours, the filtering and re-maceration 
were carried out three times. Macerate is put together 
then concentrated using a rotary evaporator at a 
temperature of 50°C so that thick extracts are obtained 
and extract extraction is calculated, and phytochemical 
screening is alkaloid, flavonoid, and polyphenol 
(Mulyanti et al., 2015). 
Formulation of soursop leaves ethanol extract gel 
The method of making the gel, according to Pertiwi et al. 
(2016). Carbopol 940 was developed with hot water 20 
times the weight of carbopol 940 while stirring until 
homogeneous. Triethanolamine and PG are added 
crushed until homogeneous. Mixed with extract and 
methyl parabens that have been dissolved with aquadest. 
The remaining aquadest was added and crushed until 
homogeneous. The test then conducted to evaluates gel 
preparations that have been made. The composition of 
the formula used is presented in Table I. 
Table I. Formulation of soursop leaves ethanol extract gel 
Composition 
Formula (%) 
I II III IV 
Soursop leaves ethanol extract 10 10 10 10 
Carbopol 940 0.5 0.5 2 2 
Propylene glycol 5 10 5 10 
TEA 2 2 2 2 
Methyl paraben 0.1 0.1 0.1 0.1 
Aquadest ad 100 100 100 100 
Formula description: 
I = Carbopol 940 : Propylene glycol (0.5% : 5%) 
II = Carbopol 940 : Propylene glycol (0.5% : 10%) 
III = Carbopol 940 : Propylene glycol (2% : 5%) 
IV = Carbopol 940 : Propylene glycol (2% : 10%) 
 
Evaluation of soursop leaves ethanol extract gel 
Organoleptic test 
Observation of the shape, color, and odor of the gel, note 
the results obtained. The observation is replicated three 
times. The gel is usually clear with a semi-solid 
consistency with smell and color depending on the 
excipient used (Ansel, 1989). 
Homogeneity test 
The gel is applied to a piece of transparent glass, 
observing the results obtained. The observation is 
replicated three times. The preparation must show 
homogeneous visuals without any lumps insight (Sayuti, 
2015). 
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pH test 
The pH meter was dipped into the gel, and the pH 
obtained is observed. The observation is replicated three 
times. The pH requirements for gel preparation are in the 
range of 4.5-6.5 (Daud et al., 2018). 
Stickiness test 
As much as 0.25 g gel is placed between two glass objects, 
then 1 kg load is pressed for five minutes, the load is 
lifted, and 80 g is loaded on the instrument and the gel 
release time is recorded. The observation is replicated 
three times, where good adhesion indicated by release 
time more than 1 second (Afianti & Murrukmihadi, 2015) 
Scattering test 
As much as 0.5 g gel is placed in the middle on top of the 
gel and another transparent round glass and ballast so 
that the weight of the glass and the ballast are 150 g, 
allowed to stand for 1 minute, then the distribution 
diameter is recorded. The observation is replicated three 
times (Sayuti, 2015). 
Viscosity test 
Viscosity test was conducted using Stromer viscometer. 
The gel is put into a container and then installed a spindle, 
the spindle must be submerged in the gel. The viscometer 
is turned on with a 60 rpm. Viscosity results were 
observed. The observation is replicated three times. 
Proper viscosity is between the range of 3,000-50,000 cPs 
(Pertiwi et al., 2016). 
Acceptability test 
Acceptability test was conducted using a questionnaire. 
As much as 20 volunteers were asked to respond to the 
color, aroma, and texture of the gel with a score of 1 to 4 
assessment feeling very like, like, less like, and dislike 
(Sayuti, 2015). 
Data analysis 
Data obtained from the results of the test of stickiness, 
scattering, pH and viscosity were analyzed using Design-
Expert® software and ANOVA with a 95% confidence 
level (Astuti et al., 2017). Determination of the optimum 
formula was determined based on ANOVA and 
superimposed contour plot of the parameters of 
adhesion, dispersion, pH and viscosity of ethanol extracts 
of soursop with variations in the concentration of 
carbopol 940 gelling agent and humectant propylene 
glycol (Aulena et al., 2016). 
 
RESULTS AND DISCUSSION 
Soursop leaf powder is extracted using the cold 
maceration method. The solvent used was 95% ethanol, 
with a ratio of 1 : 10 (Handayani et al., 2016). The use of 
95% ethanol solvent is intended to attract non-polar and 
polar compounds. The extraction process does not use 
water solvents, because it is difficult to evaporate at low 
temperatures and requires a long time, so the extracts 
produced have the potential to have high water content 
and are prone to fungal growth as a result of lowering the 
quality (Ministry of Health of the Republic of Indonesia, 
1995). The ethanol solvent is used because it is safe, non-
toxic, and more effortless in the concentration process 
because it requires less heat for the concentration process 
and microbes are more difficult to grow (Chemat et al., 
2019). Maceration is carried out for four days, and every 
24 hours, a mass filtering is done. The extract yield 
obtained was 16.48% with a pH of 6.1. 
After the thick extract is obtained, then phytochemical 
screening was performed. The purpose of phytochemical 
screening is to ensure the presence of chemical 
compounds that are indicated as antibacterial, including 
alkaloids, flavonoids, and polyphenols (Andriani et al., 
2015). Phytochemical screening results showed 
flavonoids and polyphenols, while alkaloid tests showed 
positive results with the Mayer reagent. The results of the 
phytochemical screening are presented in Table II. 
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Table II. Phytochemical screening results of soursop leaves 
ethanol extract gel 
Compounds Reagent Result Conclusion 
Flavonoid Wilstatter Reddish red 
color 
+ 
Alkaloid Dragendorff The absence 
of red 
deposits 
- 
Mayer White 
precipitate 
+ 
Polyphenol FeCl3 Blackish 
green 
+ 
 
Gel preparations in the treatment of acne are excellent 
than other topical preparations because they contain 
more water, have a good appearance and are able to 
provide high speed in the release of drugs and absorption 
in skin treatment so that the gel preparations are suitable 
for the treatment of acne (Marriott et al., 2010). The dosage 
form made in this research is a hydrogel. The hydrogel is 
chosen because it has a proper drug release and provides 
a cooling effect and is easily washed with water (Yang et 
al., 2018). The ethanol extract gel of soursop leaves was 
made using carbopol 940 bases as a gelling agent and 
propylene glycol as a humectant which was optimized 
using low concentrations and high concentrations. The 
visual appearance of the gel that has been made from 
each formula is presented in Figure 1. 
 
a   b 
 
c   d 
Figure 1. Soursop leaf ethanol extract gel of Formula I (a), 
Formula II (b), Formula III (c), and Formula IV (d) 
 
Test evaluation was conducted to observe the quality of 
preparations and ensure that this preparation has 
characteristics that are following the specified physical 
properties. Evaluation of the determined test consisted of 
organoleptic, homogeneity, pH, stickiness, scattering, 
viscosity, and acceptability test by the respondent. 
Complete results of the evaluation test are presented in 
Table III. 
Table III. Evaluation of soursop leaves ethanol extract gel 
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(s) ± 
SD 
(cm 
g/s) ± 
SD 
(cPs) ± 
SD 
I Homogen Less 
like 
6.5 51 ± 
0.5 
19.33 ± 
0.6 
1,767 ± 
5.7 
II Homogen Like 6.4 53 ± 
1 
14.58 ± 
0.1 
3,766 ± 
5.7 
III Homogen Less 
like 
5.3 56 ± 
0.5 
12.58 ± 
0.1 
8,447 ± 
5.7 
IV Homogen Less 
like 
5.7 59 ± 
0.5 
11.58 ± 
0.1 
9,583 ± 
5.7 
 
Organoleptic test evaluation aims to determine the 
nature of the gel-based on observations by the sense of 
sight and smell (Dantas et al., 2016). Organoleptic test 
results of gel preparations that have a distinctive odor of 
extract with a brown color. Homogeneity test describes 
the formation of particles that are not separated or evenly 
prepared from all components. Homogeneity test aims to 
look at the mixture of ingredients in a gel preparation that 
shows a homogeneous visual so that when applied to the 
skin, there are no coarse grains. Homogeneity 
examination of soursop leaf extract gel preparations in 
the four formulas in Table III showed the preparation 
did not show any coarse grains when the preparation 
was applied to transparent glass (Dantas et al., 2016). 
Acceptability test is performed to find out whether 
consumers (people) are interested in the formulated 
preparations. The results of the favored test conducted on 
20 volunteers using anti-acne gel showed that Formula II 
was preferred over other formulas, as shown in Table III 
where the average respondent less likes the formula 
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made except in Formula II, the average respondent likes 
it. 
The pH test aims to determine the pH of each formula 
made. Gel with too acidic pH can irritate the skin while 
gel that is too alkaline can make the skin dry so the 
preparation must have a pH that matches the skin. Table 
III shows that in the four formulas, the skin pH range is 
4.5-6.5, which is fulfill the requirement of pH for gel 
preparation (Daud et al., 2018). Based on the approach 
using the factorial design method, the equation Y = 5.97 - 
0.475A + 0.075B + 0.125AB, where Y = pH response; A = 
carbopol 940; B = propylene glycol; AB = Interaction of 
the two factors and contour plot in response to pH are 
presented in Figure 2. Based on the equation and contour 
plot shows that carbopol 940 can reduce the pH aimed at 
the coefficient value of the negative equation (-0.475), but 
propylene glycol alone and the interaction of carbopol 
940 with propylene glycol can increase the pH of the gel. 
The more carbopol 940, the lower the pH because the 
number of acid groups contained in carbopol 940 is 2-3 
(Andini et al., 2017). Whereas the more propylene glycol, 
the more alkaline it is so that the high pH. This is 
consistent with Rowe et al. (2009) that propylene glycol is 
alkaline with pH > 7.5. 
 
Figure 2. Contour plot for pH of soursop leaves ethanol extract 
gel 
 
Stickiness test was performed to show the ability of the 
adhesive to adhere and cover the surface of the skin when 
used in order to function optimally. The longer the gel is 
attached to the skin, the better the gel is produced because 
it can increase the release of active substances and then 
penetrate the skin to provide a therapeutic effect 
(Prausnitz & Langer, 2008). There are no specific 
requirements regarding the adhesion of semisolid solid 
preparations, but it should be the adhesion of semisolid 
solids is more than 1 second (Afianti & Murrukmihadi, 
2015). Table III shows that the value of adhesion in 
Formula I to Formula IV is between 51 to 59 seconds, 
which means the preparation has met the minimum 
requirements for adhesion. Based on the approach using 
the factorial design method, the equation Y = 55 + 2.83A 
+ 1.17B + 0.3333AB, where Y = the adhesive response; A 
= carbopol 940; B = propylene glycol; AB = Interaction of 
both factors and contour plot in response to stickiness are 
presented in Figure 3. Based on the equation and contour 
plot shows that carbopol 940, propylene glycol, and the 
interaction of carbopol 940 and propylene glycol can 
increase adhesion. Carbopol 940 is able to form colloids 
by the addition of hot water which is formed because the 
dispersing agent absorbs the dispersing medium so that 
it becomes thick and sticky, therefore the higher the 
carbopol 940, the more colloidal formed will be and be 
able to increase its stickiness (Rowe et al., 2009). 
 
Figure 3. Contour plot for the stickiness of soursop leaves 
ethanol extract gel 
 
The scattering test shows the ability of the preparation to 
spread when it is applied to the skin. The purpose of the 
spread test is to ensure even distribution of the gel when 
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applied to the skin. Scattering power is inversely 
proportional to viscosity, where the higher the viscosity, 
the lower the spread power produced and vice versa 
(Dantas et al., 2016). Table III shows that Formula 1 has 
the highest spreadability shown by the spread power 
value of 19.33 cm.g/s, wherein every second, Formula 1 
can spread as much as 19.33 cm per 1 gram of load. Based 
on the results of the approach using the factorial design 
method, an equation is obtained, namely Y = 14.52 -1.44A 
-2.44B + 0.9375AB, where Y = the spread response; A = 
carbopol 940; B = propylene glycol; AB = Interaction of 
two factors and contour plot graph are presented in 
Figure 4. Based on the equation and contour plot shows 
that the addition of carbopol reduces the spreadability, 
this is because carbopol 940 has a high viscosity so that 
the bond gets stronger which causes the distribution 
diameter to decrease and vice versa (Rowe et al., 2009). 
 
Figure 4. Contour plot for the scattering of soursop leaves 
ethanol extract gel 
 
Viscosity is a statement of the resistance of a liquid to 
flow, in which the higher the viscosity, the higher the 
resistance (Pertiwi et al., 2016). The viscosity test result 
data in Table III shows that Formula 2 until Formula 4 
has fulfilled the viscosity test requirements except for 
Formula 1. Based on the results of the approach using the 
factorial design method, an equation is obtained, namely 
Y = 5890.83 + 3124.17A + 784.17B -215.83AB, where Y = 
viscosity response; A = carbopol 940; B = propylene 
glycol; AB = Interaction of two factors and viscosity plot 
contour plot graph are presented in Figure 5. Based on 
the equation and contour plot graph shows that the 
interaction between carbopol and propylene glycol 
further increases the viscosity response. This is because 
propylene glycol can maintain the water content in the 
preparation to improve consistency and increase the 
solubility of the material so that propylene glycol can 
reduce the viscosity of carbopol 940 (Rowe et al., 2009). 
 
Figure 5. Contour plot for the viscosity of soursop leaves 
ethanol extract gel 
 
Determination of the optimum formula for the 
preparation of soursop leaves ethanol extract gel using 
Software Design-Expert® version 11 with parameters 
including pH, stickiness, viscosity, and scattering. 
Formula optimization is done after the mathematical 
equation model is obtained from each parameter. The 
results of the analysis of testing each response produce a 
Superimposed Contour Plot or Overlay Plot (data union) 
can be seen in Figure 6. Based on the superimposed 
contour plot, the yellow area is the optimum region with 
the physical properties of the gel that has fulfilled the 
specified requirements, which sets the optimum formula 
of ethanol extract of soursop leaves on the composition of 
carbopol 940 1.536% and propylene glycol 5%. 
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Figure 6. Superimposed contour plot optimum parameters of 
soursop leaves ethanol extract gel 
 
CONCLUSION 
The optimum formula for soursop leaves ethanol extract 
gel with the composition of gelling agent carbopol 940 
1.536% and humectant propylene glycol 5% was 
obtained. 
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